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Development of Production Process for Pre-reduced Agglomerates and Evaluation of Its Quality

Hideaki SATO, Satoshi MACHIDA, Koichi NUSHIRO, Koichi ICHIKAWA, Michitaka SAto, Tatsuro ARTYAMA and Kanji TAKEDA

Synopsis

: To achieve the greatly decrease in CO, emission at iron making process, the production process of the pre-reduced agglomerates (the follow-

ing: PRA), which are partially reduced simultaneously with agglomeration of iron ore on the existing sintering machine, was proposed. In

this paper, the basic studies to produce PRA examined with the test pot and the results of estimations for using PRA as the main raw material

of blast furnace were described. At the basic studies, the optimum conditions for producing PRA such as the particle size of coke as reducing

agent, the structure of quasi-particles and the oxygen concentration in suction gas during sintering were examined. Then the maximum re-

duction degree of 40% was achieved for the PRA made from quasi-particles produced by tumbling granulation. Moreover the possibility of

attaining reduction degree of 60% was confirmed for the PRA made from briquettes as raw material particles. Whereas it became obvious

that prevention of generating excess melt caused by the disintegration of quasi-particle or briquette was indispensable. From the results of es-

timations to use PRA at blast furnace, the pressure drop in blast furnace was confirmed to decrease as compared with usual sintered ore, and

the permeability in blast furnace was improved as the reduction degree of PRA was increased.

Key words: pre-reduced agglomerates; sintering process; quasi-particle; briquette; reduction degree; metallic Fe.
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AO/Fe:Reduced oxygen [mol-O/mol-Fe]
C/Fe:Carbon consumption [mol-O/mol-Fe]
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Fig. 1. Relationship between C consumption and reduction degree of PRA.
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Table 1. Chemical composition of raw materials (mass%).

TFe | SiO, | AlLO; | CaO | MgO | Free
C
Iron ore 6797 | 130| 048| 002 004 - Pellet Feed
Lime stone 009 049| 0.16| 5489 | 0.51 -
Burnt lime - - 017 9543 1.67 -
Dolomite - 302( 081 822| 3860 -
Coke - 588 | 300| - - 87.10| Dust at CDQ
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Table 2. Experimental conditions for granulation and pot
tests.

(a) Blending ratio of raw materials.

Peliet feed (mass%) 92

Burnt lime (mass%) 8

Coke (mass%)

Inner:6~15
Coating:3

(b) Mixing and granulating conditions.

Mixing Apparatus Drum mixer (0.65m ¢ )
Time 3min

Granulating | Apparatus Disk—pelletizer (1.3m¢)

and coating | Time 5min(Granulating),3min(Coating)
Additional moisture | 10~11mass%
Particle size 8~11mm¢

(c) Sintering conditions for pot test.

Pot size ® 260mm x 450mmH, 30kg/batch
Bed height 300mm

Ignition Propane, 120sec, —4kPa
Suction gas | Air, AirtN,(6~210,vol%)

Suction press.

-6kPa

Inner layer

(Iron ore, Coke, Burnt lime )

Coating layer ( Coke )

Fig. 2. Basic structure of quasi-particle.
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Fig. 3. Influence of coke amount on sintering process.
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Fig. 5. Influence of coke size on reduction degree and pro-
ductivity.
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Fig. 6. Influence of oxygen concentration in suction gas on
reduction degree and productivity.
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Fig. 10. Free C, metallic Fe and reduction degree of PRA along the height of sinter cake at the interrupted pot test.
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Fig. 11. Concept of raw material packed bed for producing
PRA with briquette.
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(a) 35 x 25 X 16mm
(volume: 6ml)
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Briguette size

Size(mm)

(b) 19 x 14 X 8mm
(volume: 1.2ml)

Volume(ml)
6 35%25x16
4 29x20x 11
2 28X 18X%X8
1.2 19X 14%x8

Fig. 12. Photographs of appearance and size of briquettes used at the tests.
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Fig. 13. Comparison of apparent density and compression
strength of dried samples (quasi-particle: ¢8~
11 mm, briquette: 1.2 mL).

Fig. 14. Structure of briquette after sintering with usual
sinter quasi-particles.
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Fig. 15. Relationship between reduction degree and metal-
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Fig. 16. Schematic drawing of uneven sintering conditions
of briquettes dependent on the location in pot bed.
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20sec

Carbon pot

Herth layer:
Alumina pebble(® 10mm)
» Gas volume:0.2m3/min.

(superficial velocity:
0.5m/sec)

Observation interval:

Thermocouple

| |Briquette
(2,6ml)

Fig. 17. Schematic illustration of X-ray CT hot stage observation and location of briquette in the pot.

1)m| Briquette

Fig. 18. Sintering behavior of briquettes by X-ray CT scanner observation.
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Fig. 19. Experimental equipment and conditions of softening under load test.
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Fig. 20. Results of softening under load test.
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Fig. 21. Relationship between reduction degree and S-
value.
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